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METHOD OF SENSOR DATA FUSION for estimating a flight parameter of an aircraft , which makes 
it possible to reliably determine a probability of false alarm . 

CROSS - REFERENCE TO RELATED This objective is achieved with a method for merging 
APPLICATION measurements of a parameter , in particular a flight parameter 

5 of an aircraft , from measurements of this parameter supplied 
This application claims priority to FR 14 51290 filed Feb . respectively by a plurality of sensors . 

18 , 2014 , the entire disclosure of which is incorporated by The method according to the disclosure herein comprises : 
reference herein . 1 ) searching for a possible anomaly on one out of at least two 

sensors , called sensors of interest , comprising the following 
TECHNICAL FIELD 10 substeps : 

1a ) for each sensor of interest , computing a so - called 
The disclosure herein relates to the field of the merging of detection deviation , proportional to the absolute value 

of a difference between a measurement supplied by this measurements from sensors , more particularly to estimate a sensor of interest , and an estimation of the parameter flight parameter of an aircraft . computed from the measurements supplied by the other 

BACKGROUND sensors of interest ; 
1b ) comparing each detection deviation to a correspond 

ing predetermined threshold ; An aircraft is equipped with a large number of sensors 1c ) based on the result of the comparisons , determining making it possible to measure its flight parameters ( speed , 20 the presence or the absence of an anomaly on one of the attitude , position , altitude , etc . ) , and more generally its state sensors of interest with a determined total probability 
at each instant . of false alarm ; and These flight parameters are then used by avionics sys 2 ) merging measurements supplied by the sensors of inter 
tems , notably the automatic pilot system , the flight comput - est , to provide an estimation of the parameter , called final 
ers ( Flight Control Computer Systems ) , the aircraft control 25 estimation . 
and guidance system ( Flight Guidance System ) , systems that Each sensor of interest is associated with a normal law 
are among the most critical of the aircraft . characteristic of the total error on the measurement that it 

Because of the critical nature of these systems , the sensors supplies , in the absence of anomaly . This normal law is 
are redundant , i . e . a plurality of sensors supply measure denoted N ( U ; ; 0 ; ) , in which o ; is a standard deviation , and 
ments of one and the same parameter . These different 30 Mi is an average . 
measurements are then processed by a measurements merg y ; denotes the measurement supplied by the sensor of 
ing method in order to provide the fairest possible estimation interest i , and X , denotes an estimation of the parameter 
of the parameter . The estimation of the parameter is , for computed from the measurements supplied by the other 
example , an average value , or a median value of a plurality sensors of interest , that is to say by excluding the sensor of 
of measurements each supplied by a distinct sensor . The 35 interest i . 
estimation of the parameter is also called “ consolidated The detection deviation relating to the sensor of interest i 
value " , or " estimated value ” . is denoted T ; and , according to the disclosure herein , the 

In order to improve the estimation of the parameter , the following applies : 
measurements merging methods generally comprise a T ; & \ y - X - 11 searching for a possible anomaly on one of the sensors , in 40 
order not to take into account an aberrant measurement If x is the real value of the parameter , then , when all the 
supplied by a sensor exhibiting an anomaly . sensors of interest are operating correctly : 

For example , a measurements merging method is known 134 - y - + - = \ x - x ) + ( x - x - 1 ) = V1 , + V2 ; that comprises , at each instant , the following steps : 
calculation of the median value of the measurements 45 V1 = ( y ; x ) is the difference between the measurement 

supplied by the different sensors ; supplied by the sensor of interest i and the real value of the 
positioning of the measurements supplied by the sensors parameter . This is the error on the measurement supplied by 

in relation to a tolerance band of predetermined width , the sensor of interest i . It is therefore a random variable that 
centered on the median value ; is defined , in the absence of anomaly on the sensor of 

elimination of the measurements situated outside of this 50 interest i , by a normal law of average ui , of standard 
tolerance band ; deviation o , and of variance o ; , denoted N ( ui ; 0 ; ) . This 

estimation of the value of the parameter from the remain normal law is determined from the characterization of the 
ing measurements . errors of each sensor i . 

The step of positioning the measurements in relation to a V27 = ( x - x - 1 ) is the difference between the estimation 
tolerance band implements a searching for a possible 55 obtained from the measurements supplied by the sensors of 
anomaly on one of the sensors , this anomaly being revealed interest other than the sensor i and the real value of the 
by the supply of an aberrant measurement . parameter . It is the error on the estimation obtained from the 

One drawback with such a measurements merging measurements supplied by the sensors of interest other than 
method is that it does not make it possible to reliably the sensor i . It is therefore a random variable that is defined , 
determine a probability of false alarm , that is to say the 60 in the absence of anomaly on these sensors of interest , by a 
probability of considering that a sensor is exhibiting an normal law of average u _ j , of variance o _ , 2 , denoted N ( u ; 
anomaly , although it is not exhibiting any such anomaly . O _ ; ) . This normal law is determined from the characteriza 

tion of the errors of each sensor i . 
SUMMARY The variance o _ depends on the values of the different 

65 0 , 2 , jxi , and on the method of computing F _ , . The average 
One objective of the disclosure herein is to propose a u - i depends on the values of the different Uj , jri , and on the 

method for merging sensor measurements , more particularly method of computing F . 

( 1 ) 

( 2 ) 

- 
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Mp 
PF42 ; = 1 FAis 

interest ( 4 ) 

For each sensor , the normal law characteristic of the total Prai = 1 - FN ( URO ) ( Tdi ) , in which FN ( ut of ) is the dis 
error on the measurement that it supplies is advantageously tribution function of the law N ( uz ; on ) . 
adjusted to a centered normal law , in order to do away with Such that the decision threshold Tdi is defined by : 
computing the average u _ ; . Tai = FN MOD ) ' ( 1 - Pfai ) ( 3 ) 

The variables V1 , and V2 , are independent random vari - 5 In other words , a desired value is set for the probability of 
ables , because V1 ; is computed only from the measurement false alarm Prai , then the value of a predetermined threshold 
supplied by the sensor of interest i , and V2 ; is computed for the detection deviation Tdi is deduced , separating the 
from the measurements supplied by all the other sensors of case in which all the sensors of interest are operating 
interest jri . Their covariance is zero , such that , in the correctly from the case in which one of the sensors of 
absence of anomaly on the sensors of interest , the variable interest is exhibiting an anomaly . 
V3 , = V1 , + V2 , is defined by a normal law whose variance is The other decision thresholds T . 1 , each corresponding to 
equal to 0 , + 0 _ ² . This variance is denoted Ori2 . It is in fact a detection deviation T ; relating to the sensor of interest jzi , 
because V1 ; and V2 , are independent random variables that can be defined in the same way . 
the variance of V3 , is equal to the sum of the variances ofV1 ; 16 Each decision threshold Td ; is then defined from a prob 
and V2 ; ability of false alarm Pfa ; which corresponds to the prob 

The fact that the random variables V1 ; and V2 , are ability of considering , from the comparison of the detection 
independent also means that the random variable V3 , is deviation T , with a threshold Tdie that a sensor of interest is 
defined by a normal law of average ur ; equal to the sum of exhibiting an anomaly when it is not exhibiting any such 
the averages ' ; and u _ z : anomaly . 

The variable V3 , can therefore be defined , in the absence In practice , each detection deviation is tested by compar 
of anomaly on the sensors of interest , by a normal law whose ing it to its corresponding decision threshold . If at least one 
variance is equal to 0 . 2 = 0 , 2 + 0 _ ; ? , and whose average is of these tests shows that one of the sensors of interest is 
equal to = 4 + U _ i , denoted N ( UTE ; OT : ) . exhibiting an anomaly , it is deduced therefrom that the 

From this normal law , it is possible to deduce therefrom 26 assumption H? is true . 
the value of a predetermined threshold associated with the The total probability of false alarm , denoted Pra , is the 
detection deviation T . distinguishing the case in which one sum of the probabilities of false alarm associated with each 
of the sensors of interest exhibits an anomaly , from the case of the detection deviations : 
in which none of the sensors of interest exhibits an anomaly . ne number of sensors of 
This threshold is associated with the probability of false 30 
alarm denoted Pesis which corresponds to the probability of It can therefore be seen that , by virtue of the use of a 
considering , from the comparison between the detection decision criterion defined by independent random variables 
deviation T ; and a threshold Td , that a sensor of interest is y , and x , it is possible to know the total probability of false 
exhibiting an anomaly although it is not exhibiting such an alarm associated with the diagnosis according to which all anomaly . 35 the sensors of interest are operating normally or according to 

The probability of false alarm Pfai is linked to the detec - which one of the sensors of interest is exhibiting an anomaly . 
tion deviation T ; , but not necessarily to the sensor i itself . It A measurements merging method is therefore proposed that 
can be another sensor which is exhibiting the anomaly . offers a rigorous characterization of a final estimation of a Hereinbelow , the example in which T ; = ly ; - x - , l = 1V3 , is parameter . 
detailed . A person skilled in the art will easily be able to 40 The detailed explanation of particular embodiments pro 
adapt this example as a function of the proportionality factor vides additional details concerning the implementation of 
between 1V3 ; ) and T ; ( see equation ( 1 ) ) . the disclosure herein , notably the determination of normal 

It is assumed that only one of the sensors can exhibit an laws characterizing the errors of the sensors , the determi 
anomaly , at an instant t . nation of the variables V1 ; and V2 ; , etc . The following notations are used : 45 According to a first embodiment of the disclosure herein , 

H , is the assumption according to which all the sensors of the method comprises a searching for a possible anomaly on 
interest are operating correctly ; one out of two sensors of interest , and a merging of the 
Hy is the assumption according to which one of the measurements supplied by these two sensors of interest , to 

sensors of interest is exhibiting an anomaly ; and provide an estimation of the parameter , called final estima 
Td ; is the value of the predetermined threshold ( linked to 50 tion . 

the detection deviation T ; ) , such that T - T ; implies that the According to a second embodiment of the disclosure assumption H is accepted ( and the assumption H , is herein , the searching for a possible anomaly implements a 
rejected ) . searching for a possible anomaly on one out of at least three 

It can be noted that it is unimportant to know which sensors of interest , and further comprises the following 
deviation T , has exceeded the detection threshold Tdie 55 substep , when the presence of an anomaly is determined on 
because this does not make it possible to deduce therefrom one of the sensors of interest : 
that it is the sensor of interest i which is exhibiting an id ) identifying the sensor of interest exhibiting an 
anomaly . A plurality of assumptions Hli , which would each anomaly , 
be linked to a deviation T ; , are not therefore distinguished . the measurements merging step implementing a merging of 

The probability of false alarm then corresponds to the 60 the measurements supplied by : 
probability of rejecting the assumption H , when the assump the sensors of interest , if the absence of an anomaly on tion H , is true . This probability of false alarm can be one of the sensors of interest has been determined ; expressed from the detection deviation T : : the sensors of interest except for a sensor of interest 

exhibiting an anomaly , if the presence of an anomaly on Prai = P ( T > Taj ! I?N ( 47 ; 07 : ) ) ; 65 this sensor of interest has been determined . 
Pfai = ST + N ( umo ) ( t ) dt , in which fN ( ut of ) is the According to this second embodiment of the disclosure 

probability density corresponding to the law Ñ ( UTE ; On ) ; herein , the measurements merging step can provide an 

sed 
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estimation of the parameter , computed from the measure a normal law is determined that characterizes a total 
ments of the parameter supplied by : measurement error associated with the final estimation , 

the sensors of interest , except for a sensor of interest in the absence of anomaly on the sensors of interest 
exhibiting an anomaly , if the presence of an anomaly on taken into account for the final estimation ; 

this sensor of interest has been determined , at each 5 5 a value is set for a probability that the absolute value of 
the total measurement error associated with the final measurement instant during a predetermined time , and ; estimation is greater than a threshold to be determined ; 

the sensors of interest , in the other cases . the value of the threshold , called error of accuracy of the Preferably , for each sensor of interest , the detection final estimation , is deduced therefrom . 
deviation is proportional to the absolute value of a differ The method according to the disclosure herein can com 
ence , divided by the standard deviation of a centered normal prise the following steps , for each sensor of interest : 
law characterizing , in the absence of anomaly on the sensors a probability of wrong detection is set , that is common to 
of interest , the difference between a measurement supplied all the sensors of interest , corresponding to the prob 
by this sensor of interest , and an estimation of the parameter ability of determining the absence of an anomaly on 
computed from the measurements supplied by the other 15 one of the sensors of interest , although this anomaly 

exists on the sensor of interest concerned ; and sensors of interest . the value of the minimum detectable bias is deduced For each detection deviation , the predetermined threshold therefrom , corresponding to the smallest bias intro is advantageously determined from a desired probability of duced by an anomaly of the sensor of interest , on the false alarm corresponding to the probability of determining , measurement that it supplies , and that makes it possible 
from this detection deviation , the presence of an anomaly on 20 to determine the presence of an anomaly on one of the 
one of the sensors of interest , although this anomaly does not sensors of interest , with the probability of wrong detec 
exist . tion as set . 

The step of identifying the sensor of interest exhibiting an A computation of an error of integrity of the final esti 
anomaly preferably comprises : mation can then comprise the following steps : 

1d , ) for each sensor of interest , a computation of an 25 for each sensor of interest used to compute the final 
estimation of the parameter , from the measurements of estimation , computing an indicator proportional to the 

error introduced on the final estimation , by a failure of this parameter supplied by the other sensors of interest , the sensor of interest , this failure being characterized by the sensor of interest concerned being excluded ; 
1d , ) for each duly computed estimation , a computation of a bias corresponding to the minimum detectable bias ; 

determining the greatest indicator , called error of integrity a residual value which depends on the distances 30 of the final estimation . between the measurements supplied by the other sen 
sors of interest and the estimation ; and BRIEF DESCRIPTION OF THE DRAWINGS 

1dz ) a search for a minimum residual value , the excluded 
sensor of interest associated with the minimum residual The disclosure herein will be better understood on reading 
value being the sensor of interest exhibiting an 35 the description of exemplary embodiments given for purely 
anomaly . illustrative purposes and in a nonlimiting manner , with 

Each of the estimations of the parameter can be a reference to the attached drawings in which : 
weighted average of measurements each supplied by a FIG . 1 schematically illustrates the context of application 
sensor of interest . of the disclosure herein ; 

Each estimation of the parameter can be a weighted 40 FIG . 2 illustrates an example of determination of a normal 
average of measurements each supplied by a sensor of law characteristic of the error on a measurement supplied by 
interest , each measurement supplied by a sensor of interest a sensor ; 
being weighted by the inverse of the variance of a normal FIG . 3 schematically illustrates a method for merging FIG . 3 schematically illustrates a method for merging 
law characterizing a total measurement error relating to the measurements according to one embodiment of the disclo 
sensor of interest , in the absence of anomaly on this sensor 45 sure nerein , FIG . 4 schematically illustrates a method according to one of interest . embodiment of the disclosure herein , making it possible to The final estimation of the parameter can be a weighted identify a sensor of interest exhibiting an anomaly ; average of measurements each supplied by a sensor of FIG . 5 schematically illustrates a method according to one interest , each measurement supplied by a sensor of interest embodiment of the disclosure herein , making it possible to being weighted by a coefficient minimizing the value of the 50 de so determine an error of accuracy of an estimation ; maximum error on the final estimation , introduced by an FIG . 6 schematically illustrates a method according to one 
anomaly of a sensor of interest used to compute the final embodiment of the disclosure herein , making it possible to 
estimation . determine an error of integrity of an estimation ; 

The method according to the disclosure herein advanta FIG . 7 schematically illustrates a total probability of false 
geously comprises a new step of searching for a possible 55 alarm and a total probability of wrong detection ; 
anomaly , by considering the sensors of interest taken into FIG . 8 schematically illustrates a method according to one 
account to provide the final estimation as new sensors of embodiment of the disclosure herein , implementing at least 
interest . two successive steps of searching for a possible anomaly on 
As a variant , the method according to the disclosure a sensor of interest ; and 

herein can comprise a new step of searching for a possible 60 FIG . 9 illustrates an exemplary implementation of the 
anomaly , by considering the sensors of interest taken into method according to the disclosure herein . 
account to provide the final estimation , and at least one 
sensor of interest previously identified as exhibiting an DETAILED DESCRIPTION 
anomaly , as new sensors of interest . 

Preferably , the method according to the disclosure herein 65 The estimation of a parameter , by a plurality of measure 
comprises a computation of an error of accuracy of the final ments of this parameter , obtained by different sensors , will 
estimation , comprising the following steps : be considered hereinbelow . 



US 10 , 041 , 808 B2 

The disclosure herein applies more particularly to the The data merging module 100 is generally in communi 
estimation of a flight parameter of an aircraft , for example cation with at least one system , here two avionics systems S , 
its speed , its attitude , its acceleration , its angular rotation and S , to transmit to them , at each instant , the final 
speed , its angle of trajectory , its heading angle or even its estimation Â . The avionics systems are , for example , a 
position . It can also be a temperature or a pressure inside the 5 navigation system , an automatic pilot system , a system 
aircraft or in the vicinity thereof . The disclosure herein is collecting data to be transmitted to the pilot , an engine 
not , however , limited to such an application , but can on the control system , a flight control system , etc . contrary be applied to numerous technical fields in which Prior to the implementation of the method according to 
measurements from a plurality of sensors have to be merged . the disclosure herein , a calibration step will be able to be A “ sensor ” should be understood here to mean a physical 10 implemented for the purpose of determining , for each sen sensor capable of directly measuring the parameter con sor , a normal law characteristic of a total error on the cerned but also a system that can comprise one or more 
physical sensor ( s ) as well as signal processing making it measurement supplied by this sensor , when it is operating 

normally . This normal law is determined from the charac possible to provide an estimation of the parameter from the 
terization of the errors of the sensor . measurements supplied by these physical sensors . Similarly , 15 

“ measurement of this parameter " will describe a raw mea In order to simplify the computations , they will preferably 
be reduced to centered normal laws . It is still possible to surement from a physical sensor or a measurement obtained 
characterize a sensor by a centered normal law . For example , by a more or less complex signal processing of raw mea if a sensor exhibits a measurement bias , this bias simply has surements . 

Each sensor is , for example , an IRS ( " Inertial Reference 20 to be subtracted to get back to a centered law . 
FIG . 2 illustrates an example of determination of such a System ” ) inertial sensor , an AHRS ( “ Attitude & Heading 

Reference System ” ) inertial sensor , a satellite ( GNSS , GPS centered normal law . 
or Galileo for example ) positioning sensor , a conventional In the context of normal operation of a sensor Ci , the 
ADR ( “ Air Data Reference ” ) anemometric sensor , an ADR following is posited : 
LIDAR laser anemometric sensor , a tachometer - type angu - 25 
lar sensor , an angular sensor based on a tachometer or an Yi = x + e ; ( 5 ) 
odometer , an optical sensor ( camera ) , a conventional RA in which y , is the measurement by the sensor Ci , x is the 
( “ Radio Altimeter ” ) height sensor , an RA LIDAR laser real value of the parameter , and e , is the total measurement 
height sensor , a radio positioning sensor ( for example of error by the sensor C ; . 
VOR , DME , ADF , Radio Nav type ) , a radio landing sensor 30 It is assumed , for example , that the error ez comprises a 
( for example ILS or MLS ) , a satellite landing sensor ( SLS , measurement error specific to the sensor emes i , and an error 
GLS for example ) . of installation of the sensor relative to the reference frame of 

FIG . 1 shows the context of application of the disclosure the aircraft eins ; . Depending on the cases , it will be possible 
herein with the notations which will be used hereinbelow . to envisage other sources of error , for example an aerody 

The parameter to be estimated is x ( t ) , denoted x in order 35 namic error in the case of an anemometric sensor . 
to simplify the notations . The error emes ; is defined by a normal law , also called 

At each instant , the sensors C1 , C2 , C3 , C4 respectively Gaussian law , of average umes ; and of standard deviation 
acquire the measurements y? ( t ) , y ( t ) , y ( t ) , and y4 ( t ) of the Omes ? law . This normal law is denoted N ( Umes i ; Omes i ) 
parameter x . They then supply these measurements to a data The value of the standard deviation Omes ; is known ( for 
merging module 100 . 40 example 0 . 05° for an IRS sensor , and 0 . 50 for an AHRS 

In order to simplify the notations , hereinbelow these sensor ) , and the interval bounding the values of Umes i ( for 
measurements will be denoted simply y1 , 72 , 73 and 74 example [ - 0 . 05° ; 0 . 05° ] for an IRS sensor , and [ - 0 . 5 ; 

The sensors can be of the same type or of different types . 0 . 5° ] for an AHRS sensor ) . 
At least two sensors are provided . Nevertheless , advanta The error eins ? is defined by a simple bias denoted Wins i : 
geously , three or more sensors will be preferred . 45 This error is due to the imperfections of installation of the 

Hereinbelow , and in a nonlimiting manner , the example of sensor and to other phenomena such as the deformation of 
four sensors will be taken : two IRS sensors C1 , C2 , and two the fuselage in the flight phases . For example , Mins ? E 
AHRS sensors C3 , C4 . The parameter x corresponds here to [ - 0 . 050 ; 0 . 05° ] applies for an IRS sensor and for an AHRS 
the attitude angles which are the roll and pitch angles . sensor . 

The data merging module 100 receives as input the 50 The total error e ; is therefore defined by a normal law of 
measurements Y? , Y2 , Y3 and 44 . The data merging module standard deviation Omes i and of average Umes _ Tumes _ i + 
comprises a memory 101 receiving predetermined thresh Hins . The average of the total error ez is therefore bounded 
olds Tdi , Td2 , T3 , T4 , respectively associated with the by the interval [ - 0 . 1° ; 0 . 1° ] for an IRS sensor and [ - 0 . 55 ; 
sensor C1 , C2 , C3 , C4 . From the measurements y1 , Y2 , Yz and 0 . 55° ] for an AHRS sensor . 
Y4 and the predetermined thresholds Ta , T12 , T3 , T4 , the 55 In order for an algorithm corresponding to the method 
data merging module provides an estimation X ( t ) of the according to the disclosure herein to remain valid regardless 
parameter x , simply denoted â . The estimation of the param of the real distribution of the total measurement error , a 
eter x provided at the output of the merging module will conservative assumption is made . In other words , a centered 
hereinbelow be called “ final estimation ” . normal law is determined which provides a trade - off 

The method according to the disclosure herein is imple - 60 between the different centered normal laws corresponding to 
mented by a data merging module 100 comprising electron the possible different values of the average Umes ; + Mins ; . An 
ics and computing and / or software . The data merging mod - upper bound of the total measurement error is therefore 
ule comprises , for example , a microcontroller . sought . 

The method according to the disclosure herein is imple . This trade - off is represented in FIG . 2 . 
mented , more generally , in an assembly comprising sensors 65 The curve 21 represents the normal law of standard 
C1 , C2 , C3 , C4 and the data merging module 100 in data deviation Omes i and of average min ( umes T ) , the minimum 
communication with the sensors . value of the average Umes _ T• 
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The curve 22 represents the normal law of standard which can be determined from the variances associated with 
deviation Omes i and of average average ( umes _ - ) ) the aver the total measurement errors associated with each of the 
age value of the average Umes T sensors of interest . 

The curve 23 represents the normal law of standard It will be considered that the total measurement errors on 
deviation Omes i and of average max ( umes ( ) , the maximum 5 the sensors are each characterized by a centered normal law , 
value of the average Umes _ such that V3 ; is defined , in the absence of anomaly on the 

The curve 24 represents the normal law of standard sensors of interest , by a centered normal law . 
deviation o , and of average ui = 0 , encompassing the curves The denominator 07 , makes it possible for the detection 
21 , 22 and 23 . It is therefore a centered normal law , deviation T ; to be finally defined , for each sensor of interest 
denoted N ( 0 ; 0 ) , the standard deviation of which is defined 10 i , by one and the same reduced centered normal law , of 
in such a way as to obtain a centered normal law which variance equal to unity , denoted N ( 0 ; 1 ) . 
provides a trade - off between the different normal laws Thus , the detection deviation as defined in the equation 
corresponding to the possible different values of the average ( 6 ) is particularly advantageous because it makes it possible 
Umes tuins ; . For example 0 ; = 0 . 1° applies for an IRS sensor 15 for all the detection deviations T , to be defined by one and 
and 0 , = 0 . 8° applies for an AHRS sensor . the same centered normal law , i . e . a reduced centered normal 

The values of o ; ( 0 . 1° and 0 . 8° ) are determined here law . 
theoretically and more particularly graphically , from FIG . 2 . Then , each detection deviation T1 , T2 , T3 , respectively T4 , 

For this , a Gaussian curve ( referenced 24 ) is plotted in is compared to a corresponding predetermined threshold 
such a way that it is always above the two extreme Gaussian 20 Tai , Ta2 , T43 , respectively Td4 ( step 311 , 312 , 313 , respec 
curves ( referenced 21 and 23 ) from a certain error value tively 314 ) . 
( approximately 2º for AHRS and approximately 0 . 2° for During a step 32 , the presence or not of an anomaly on 
IRS ) , and consequently from a certain probability value . one of the sensors of interest is determined , based on the 

Other theoretical methods could be used , for example a results of the comparisons . In particular , if there is at least 
method for real - time estimation of the errors based , for 25 one detection deviation T , T2 , T3 , respectively T2 , which is 
example , on a Kalman filter . greater than or equal to Tài , Tc2 , Ta3 , respectively Td4 , it is 

The values of o ; can also be determined practically , for deduced therefrom that one of the sensors of interest is 
example by in - flight tests . exhibiting an anomaly . The disclosure herein therefore at 

The values 0 . 1° and 0 . 8° for o , are used as an example . this stage produces a detection of failure or of disturbance 
These values are , however , realistic , given the type of sensors affecting one of the sensors of interest . 
concerned ( IRS or AHRS ) and the installations in an aircraft . The steps 301 , 31 ; and 32 therefore together form a step of 

FIG . 3 schematically illustrates a measurements merging searching for a possible anomaly on one of the sensors of 
method according to one embodiment of the disclosure interest . 
herein . It can be noted that if T ; Tdi , this does not necessarily A preliminary step of acquisition of measurements of the 33 mean that it is the sensor of interest i which has failed , 
parameter by the sensors is assumed . because the value of T , depends on y ; , but also on x - , which 

From the sensors C1 , C2 , C3 , C4 , sensors called sensors of is determined by the measurements supplied by the sensors interest are selected , out of which a possible failing sensor of interest other than the sensor of interest i . Steps that make will be sought ( that is to say one exhibiting an anomaly ) . At 40 it possible to identify the sensor of interest exhibiting an 
least three sensors of interest are selected . 

It is , for example , initially assumed that all the sensors C , anomaly are presented below . 
As presented previously , when the detection deviation is C2 , C3 , C4 are operating normally although one of them 

could be made to exhibit an anomaly . The sensors of interest defined by a normal law N ( uti ; On ) , the corresponding 
are then the four sensors C1 , C2 , C3 , C4 . predetermined threshold is Tdi = Fi ( uri 07 ) ( 1 - PFai ) ( see 

For each sensor C1 , C2 , C3 , C4 , the value of a detection 43 eq 
deviation Ti , T2 , T3 , respectively T4 ( step 301 , 302 , 303 , In the example presented here , each detection deviation is 
respectively 304 ) is computed . defined by the reduced centered normal law N ( 0 ; 1 ) . Thus , 

The detection deviation T ; is proportional to the absolute for each detection deviation , the predetermined threshold is 
value of the difference between the measurement supplied Tdi = FN ( 0 ; 1 ) ( 1 - PFai ) . Preferably , a desired probability of 
by the sensor i and an estimation of the parameter , computed » uted 50 false alarm Prai is set that is identical for all the detection 
from the measurements supplied by the other sensors of deviations each associated with a sensor i . 
interest ( see formula ( 1 ) ) . This difference is called useful Thus , the predetermined threshold Tj ; is the same , for 
difference . each detection deviation associated with a sensor i . The 

In the example detailed here , the detection deviation T ; is definition of the detection deviation as given in the equation 
equal to the useful difference divided by the standard devia - 33 d devia 55 ( 6 ) is therefore particularly advantageous , since it makes it 
tion of a normal law characterizing this useful difference in possible to consider a single predetermined threshold T , for 

all the detection deviations T , according to the disclosure the absence of anomaly on the sensors of interest : herein . The method is greatly simplified . If TizTd , then this 
means that the assumption H , as presented in the introduc 

1660 tion , that is to say that one of the sensors of interest is 
exhibiting an anomaly ( not necessarily the sensor i ) , is 
accepted . 

It is assumed that the determination of the predetermined 
As detailed previously , the variable V3 ; = Y ; - X , is thresholds Tdi has been performed prior to the implementa 

defined , in the absence of anomaly on the sensors of interest , 65 tion of the method according to the disclosure herein . 
by a normal law whose variance is equal to 0 . 2 = 0 ; ? + 0 _ 2 . However , it will be possible to provide for the method 
The variable V3 ; corresponds to a centered normal law , according to the disclosure herein to include this step of 

T ; - ly ; – x 11 
Ti 
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determining the predetermined threshold , for each detection The method according to the disclosure herein then com 
deviation . In this case , the following can be supplied to the prises a measurements merging step 33 . The step 33 corre 
merging module 100 : sponds to a computation of the estimation Ô of the parameter 

the desired probability of false alarm , associated with X , called “ final estimation ” . 
each detection deviation ; and 5 In the example illustrated with reference to the figures , 

the centered normal laws characterizing each detection there are four sensors of interest . 
deviation , when none of the sensors of interest is If , at the end of the step 32 , it has been concluded that 
exhibiting an anomaly . none of the sensors of interest is exhibiting an anomaly , the 

All the estimations implemented according to the disclo final estimation ê takes into account the measurements 
sure herein are advantageously weighted averages . Each supplied by all the sensors of interest . 
sensor has an associated specific weighting coefficient . If , at the end of the step 32 , it has been concluded that one 

The so - called intermediate estimations x are preferably of the sensors of interest is exhibiting an anomaly , and then 
weighted averages such that the weighting coefficient asso this sensor has been identified as being the sensor i , the final 
ciated with a measurement by a sensor of interest is equal to 15 estimation Ô takes into account the measurements supplied 
the inverse of the variance of the normal law characterizing by all the sensors of interest except for the sensor i . It can 
a total measurement error relating to this sensor of interest be considered that there has been an exclusion of the sensor 
in the absence of anomaly on this sensor of interest . This of interest exhibiting an anomaly , in order for the measure 
estimation is called “ least squares method ” . ments that it supplies not to be taken into account for the 

The estimation of x from the measurements supplied by 20 computation of the final estimation . The tolerance of the 
the sensors of interest , except for the sensor of interest i , is systems , notably avionic systems , to the failures and distur 
then defined as follows : bances of the sensors is thus enhanced , since the systems 

receive a final estimation that is free of the effect of these 
failures and disturbances . 

( 7 ) 25 In the case ( not represented ) where there are only two 
sensors of interest , the final estimation Ân takes into account 
the measurements supplied by all the sensors , even if it has 
been determined that one of the sensors is exhibiting an 
anomaly . 

M is the number of sensors of interest , and The final estimation is therefore , at each instant , " the 
fairest possible estimation ” , by virtue of the exclusion in real 
time of a sensor identified as exhibiting an anomaly . 

Advantageously , at a given instant t , and after having 
excluded a failing sensor , no effort is made to exclude a 
second . The exclusion of a possible second failing sensor 
will then take place at the instant t + 1 . In practice , the 

( inverse of the variance ) . probability for two sensors to be failing exactly at the same 
In other words , the aim is to minimize the following instant t is almost zero . The assumption according to which , 

criterion : at each instant t , there is at most one failing sensor , is 40 therefore credible . This assumption includes the case where 
Y _ = argmin ( x _ { ( x ) ) the failure of the two sensors is very slightly staggered in 

in which time , for example one sensor is failing at the instant t and the 
other sensor is failing at the instant t + 1 . 

The final estimation is preferably an estimation by the 
* least squares method : 

2 . W jzi 

x1 = IM W ; M 2j = 1 W ; 
/ xi 

30 

??? 

2 
M ( v X ? ( x ) = E . " , Mimpi j = 1 
j # i ti i 

MA W : - 1 W ; y ; 
x = 50 M j = 1 W ; which is tantamount to resolving gradX , ? ( x ) = 0 . 

If necessary , the value of o _ i can be determined . For 
example , in the case of an estimation by the least squares 
method , the following applies : As specified above , the least squares method provides the 

optimal degree of accuracy . If appropriate , it will be possible 
» to implement other types of weighted averages implement 

ing other coefficients , denoted w ' ; , to replace 
jui 

60 W ; = The least squares method , that is to say a weighted 
average whose coefficients are equal to the inverses of the 
variances , is a method known to be optimal for minimizing It will , for example , be possible to improve an integrity of 
the difference between a measurement and the estimation of the final estimation to the detriment of its accuracy ) . The 
the measurement , since it minimizes mean square error . The 65 values of the coefficients w ' ; , will have to be determined by 
least squares method therefore provides the most accurate justifying their validity . One example of such a determina 
possible estimation . tion is detailed hereinbelow ( new coefficients w ' ; , W ' . ) . 
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14 
Thus , the estimations other than the final estimation will This residual value , based on estimations by the least 

preferably be estimations by the least squares method , squares method and on a computation of root - mean - square 
whereas the final estimation will be able to be a weighted deviation divided by the variances o ; , is an optimal method 
average whose weighting coefficients are set to prioritise a for minimizing the probability of being mistaken in exclud 
criterion other than maximum accuracy . 5 ing the sensor affected by an anomaly . 

The measurements merging method according to the If appropriate , other computations of residual values will 
disclosure herein is a centralised merging , in which the be able to be implemented , implementing other weighting 
different measurements are processed in a centralised man - coefficients . 
ner ( unlike a cascaded merging in which some data are The smallest residual value as an absolute value ( step 42 ) 
pre - processed ) . is then sought . If r ; is the residual value associated with the 

The measurements merging method according to the sensor of interest i , the sensor of interest exhibiting an 
disclosure herein is also an instantaneous merging , in which anomaly is the sensor of interest associated with this small 
each computation takes into account only measurements at est residual value . 
one and the same instant t ( unlike a recursive merging ) . 15 In the example represented in FIG . 4 , r , is the smallest 

The computations implemented are simple , therefore residual value , therefore C , is the sensor of interest which is 
quick to execute and consume little in terms of computation exhibiting an anomaly ( sensor associated with the estimation 
resources . Xe , which is itself associated with the sensor of interest 

FIG . 4 schematically illustrates steps of a method accord - C2 ) . 
ing to one embodiment of the disclosure herein , making it 20 The disclosure herein therefore offers automatically 
possible to identify the sensor of interest exhibiting an detecting and identifying a failure affecting a sensor . 
anomaly , when the presence of an anomaly on one of the FIG . 5 schematically illustrates steps of a method accord EIGE 
sensors of interest has been determined . ing to the disclosure herein making it possible to determine For each sensor of interest , an estimation an error of accuracy of the final estimation , called RP . . 
x - 1 , 4 - 2 , 8 - 3 , respectively X - 4 , is computed from the mea - 25 The error of accuracy of the final estimation â , also called surements of the parameter supplied by the other sensors of " radius of protection without failure ” designates the error on interest { y2 , 73 , 74 } , { y1 , y3 , 44 } , { y? , Y2 , 94 } , respectively the computation of the final estimation of the parameter , 
{ V1 , Y2 , 73 } . These are the steps referenced 401 , 402 , 403 , assuming that measurements originating only from sensors respectively 404 not exhibiting anomalies have been taken into account . Each estimation is , for example , computed by the least 30 
squares method The example of a final estimation by the least squares 

method , that is to say a weighted average whose weighting 
coefficients are equal to the inverses of the variances , will be 
taken hereinbelow . 

35 A normal law is determined that characterizes a total 
measurement error associated with the estimation of the 
parameter ( in the absence of anomaly on the sensors of 
interest taken into account for the final estimation ) . Given an 
estimation by the least squares method , the total measure As specified above , the least squares method offers the 40 the 40 ment error ez linked to this estimation is defined by : advantage of providing the optimal degree of accuracy . 

For each duly computed estimation , a residual value r? , 12 , 
rz , respectively r4 , is computed , which depends on the 
distances between the estimation and each measurement 
supplied by the other sensors of interest . ef = 5D Wk 

A distance here describes a positive difference between 
two values . The residual value depends notably : 
on the absolute value of the difference between the D being the number of sensors of interest taken into account 

estimation and each measurement supplied by the other to compute â , ex the total measurement error linked to the 
sensors of interest ; or 

on the square of the difference between the estimation and 
each measurement supplied by the other sensors of 
interest . 

In FIG . 4 , the residual values r ; are denoted ri , and the 
measurements y ; are denoted yi . 55 

The residual value is , for example , a root - mean - square 
deviation between the estimation and the measurements ( in which oz is the standard deviation of the centered normal 
supplied by the other sensors of interest . For example , the law characterizing the total measurement error of the sensor 
following applies : k in the absence of anomaly on the sensor k ) . 

If appropriate , the coefficient wz is replaced by the weight 
ing coefficient associated with the sensor k and used for the 

( 8 ) final estimation implemented in the method . Hereinbelow , 
the determination of new weighting coefficients has been 
detailed by way of example , in an example in which the 

65 three sensors of interest are one IRS and two AHRS . 
This concerns the steps referenced 41 ; , 412 , 413 , respec - It is deduced therefrom that ez follows a centered normal 

tively 414 law of standard deviation om , denoted N ( 0 ; 0 ) , with 

M 
wiYj J 

X = 
j # i 
TM 2j = 1 W ; 

jui 

??? Wkek k = 1 " 
et = 

SR = 1 Wk 45 

50 sensor k , and 

Wk = ? 

60 . M = = LAT r ; = M 
Lj = 1 

( V ; - * * 1 ) 
? , WAV ; = , W ; ( y ; – x1 ) j = 1 

/ ti 
j = 1 
ji 
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16 
measurement . Thus , in the case where the sensor of interest 
j fails , the failure introduces the bias b ; on the measurement 
Y ; : 

1 ND 1 
ozklos 

5 ( 13 ) In order to determine this normal law , provision is advan y ; = x + e ; + b ; 
tageously made for the memory 101 of the data merging In order to simplify the computations , the example , 
module 100 to contain the different values of o . , for each of according to which , in the absence of anomaly , each sensor 
the sensors i available . exhibits an error characterized by a centered normal law , is 

The value of the desired probability y for the absolute in continued . 
value of the total measurement error e , to be greater than a The variable V3 , as defined above ( equation ( 2 ) ) is the 
threshold ? to be determined is then set . In other words , 1 - Y sum of the variable V1 , which then follows a normal law of 
is the probability that the error e is included in the accuracy average b ; denoted N ( b ; , 0 ; ) , and of the variable V2 ; which 
range [ - € ; + ? ] . always follows the centered normal law N ( 0 , 0 _ ; ) . 

y = 5 . 10 - 2 ( error to 20 ) , or y = 10 - 3 ( error to 30 ) , or y = 10 - 5 15 Given 
( error to 40 ) is , for example , selected . 

This condition is formalised thus : 
P ( - eseps + a ) = 1 – y ( 10 ) 

The value of the threshold ? , which is the error of 20 
accuracy of the final estimation â , also denoted radius of 
protection without failure RP , is deduced therefrom ( step ( T ; as defined in the equation ( 6 ) ) , it is deduced therefrom 
50 ) . that T , then follows a non - centered reduced normal law of 
The following applies : average 

Pl = & seqs + € ) = L _ ete7N 0 ; opy ( t ) dt , ( 11 ) 25 
with fN ( 0 ; op ) being the probability density of the law N ( 0 ; 

T ; - ly ; - x ̂ ; 
OT ; 

or ) . 
hence : 

30 denoted 
( 12 ) e = Fzoom ( * = * + Fx1600790 ) , 

with FN 0 ; 0 ) being the distribution function associated 35 
with the probability density f « N ( 0 ; 07 ) such that 
FN 0 ; op ( x ) = S _ * N ( 0 ; 0 ( t ) dt . A person skilled in the art will easily be able to determine the 

FIG . 6 schematically illustrates steps of a method accord normal law followed by T ; , for other definitions of T , such 
ing to the disclosure herein , making it possible to determine that T , « ly ; - - . 
the error of integrity of the final estimation . 40 As previously , the following notations are used : 

The error of integrity of the final estimation , also called H , is the assumption according to which all of the sensors 
“ radius of protection with failure ” , denotes the error on the of interest are operating correctly ; 
computation of the estimation of the parameter , assuming H , is the assumption according to which one of the 
that one of the sensors whose measurement has been taken sensors of interest is exhibiting an anomaly ; and 
into account exhibits an anomaly . It is , in particular , the error 45 Td ; is the value of the predetermined threshold ( linked to 
on the final estimation before a failing sensor has been the detection deviation T ; ) , such that T ; T ] ; implies that the 
identified and excluded . assumption Hy is accepted ( and the assumption H , is 

For each detection deviation , a single probability of rejected ) . 
wrong detection Pup is set . The probability of wrong detection then corresponds to 

A wrong detection corresponds to the probability of 50 the probability of rejecting the assumption H , although the 
determining , from comparisons between the detection devia - assumption H , is true . 
tions T ; and the thresholds Tdi , the absence of an anomaly To compute bmin j , it is considered , in particular , that the 
although this anomaly exists on the sensor i = j . probability of wrong detection is linked to T , and to the 

For each sensor of interest j , the smallest bias value sensor j , and corresponds to the probability of rejecting the 
bmini introduced by an anomaly of the sensor of interest j on 55 assumption H , , although the assumption H , is true and 
the measurement that it supplies , is deduced therefrom , relates to the sensor j . In other words , the probability of 
making it possible to detect the presence of an anomaly with verifying T sT . 7 for any i , although a sensor i = j exhibits an 
the probability of wrong detection as set . These steps are anomaly , that is to say that the corresponding detection 
referenced 60 , 60 , 603 , respectively 604 , and make it deviation is characterized by a normal law 
possible to determine the minimum detectable biases bmini , 60 
bmin2 , bmin3 , respectively bmine : 

The determination of bmin i implements a step of deter 
mining , for each detection deviation T ; , normal law followed 
by the latter when the sensor of interest j exhibits an 
anomaly . 65 

At an instant t , an anomaly on the sensor is manifested by In order to simplify the computations , it is assumed that 
a deviation of the measurement relative to an expected Tdi = T & Vi . 
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sum of the inverses of the variances of the centered normal 
laws associated with each sensor of interest used to compute 

PMD = PT ; < T the final estimation of the parameter . 
If appropriate , the coefficients W1 , W , are replaced by the 

5 weighting coefficients associated with the sensor k , respec 
PMD = tively i , used for the final estimation implemented in the 

method . 
For example , given four sensors of interest formed by two PMD = F IRS sensors and two AHRS sensors , the following applies 

10 ( the index I corresponds to an IRS sensor and the index A 
corresponds to an AHRS sensor ) : 

Thus , by setting the value of PMD and knowing that of Ta , 
we can compute bmin ; . In the same way , all the different 
bminican be computed . Wabmin A 

In order to determine the normal law 
Then : RP1 = max ( idi , Ida ) . 

} 

Pap = " 4 . 2 ) ( min 1 
NOT ; 

wybmind and Ida = 2 ( wi + WA ) Idi = 2 ( wi + wa ) 15 

It can be seen that , if a plurality of sensors of interest are 
20 characterized by the same centered normal law , the number 

of computations needed to determine all the indicators Id ; is 
provision is advantageously made for the memory 101 of the reduced . This comment relates to all the processing opera 
data merging module 100 to contain the different values of tions described throughout the text . thon 
0 ; , for each of the sensors i available . Provision is advantageously made for the memory 101 of 

Each step 60 . . 60 . . 60 . , respectively 60 . , is followed by 25 the data merging module 100 to contain the different values 
a step 611 , 612 , 613 , respectively 614 of computing an of 0? , for each of the sensors i available . 
indicator Idi , Id2 , 103 , respectively Id4 . The indicator Idi , Id23 In some cases , it may be advantageous to adjust the 
Idz , respectively Id4 corresponds to the error introduced on weighting coefficient associated with each measurement in 
the final estimation â , by a failure ( not detected ) of the the estimations implemented according to the disclosure 
sensor of interest C . . C . C , respectively C . this failure 30 herein , in particular in the final estimation of the parameter 
being characterized by a bias corresponding to the minimum 
detectable bias . In effect , if an estimation is made by the least squares 

In a step 62 , the greatest indicator , which corresponds to method , the weight corresponding to each sensor of interest 
the error of integrity of the final estimation ? , denoted RP , rror of integrity of the final estimation i denoted RP is inversely proportional to its variance . 
is sought . The error of integrity of the final estimation Ê , also 35 The measurement supplied by a sensor of interest of low 
called “ radius of protection with failure ” , denotes the error variance therefore strongly influences the value of the final 

estimation . In other words , the degree of confidence granted on the computation of the final estimation of the parameter , 
assuming that a sensor used is affected by a failure not to a sensor of interest of low variance is high . 
detected by the method described previously . The drawback is that , if the sensor of interest fails , the 

Thus for each sensor of interest i used to compute the final 40 error on the final estimation is high , as long as this sensor of 
estimation X , there is a corresponding : interest has not been excluded . In other words , the error of 

detection deviation Ti , integrity of the final estimation is high ( radius of protection 
minimum detectable bias bmini , and with failure ) . 
indicator Id ; which corresponds to the error introduced on Ion It is possible to envisage adjusting the weight conferred 

the final estimation Ê . by a failure of the sensor of 45 on a sensor of interest in order to reduce the error of integrity 
interest j , this failure being characterized by the mini of the final estimation . This is reflected in an increase in the 
mum detectable bias . error of accuracy of the final estimation , a drawback com 

The final estimation is here produced by the least squares pensated by the reduction of the integrity error . 
method . The total measurement error ez linked to such an In particular , it will be possible to define the weighting 
estimation is defined by 50 coefficients in such a way as to obtain the minimum integrity 

error . In other words , the weighting coefficients that mini 
mize the value of the maximum error on the final estimation , 
introduced by a failure of a sensor of interest used to 
compute the final estimation , are sought . 

For example , in the case where the sensors of interest 
consist of two AHRS sensors and one IRS sensor , the IRS 

( see equation ( 9 ) ) . The indicator Idi then has the value : sensor is the only sensor for which the error follows a 
centered normal law of low standard deviation . If an esti 
mation is made by the least squares method , the weight 

14 60 associated with the IRS sensor for the estimation Ê is high . w ; bmini 
Idi = D Consequently , in the case of failure of this IRS sensor , the 

error on the estimation Â is very high as long as the sensor 
is not excluded . 

In other words , the indicator Idi is equal to the minimum Thus , the indicator I di as defined previously , associated 
detectable bias bmin î weighted by a weighting coefficient 65 with the IRS sensor , takes a very high value , and defines the 
equal to the inverse of the variance of the centered normal error of integrity of the estimation . This integrity error is all 
law corresponding to the sensor of interest i , divided by the the higher when the minimum detectable bias associated 

ND 
dk = j Wkek er = ND Zk = 1 Wk SS 

Lk = 1 Wk 
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with the IRS sensor is higher in the presence of a single IRS The merging module ( see FIG . 1 ) takes into account the 
sensor and two AHRS sensors , than in the presence of two sensors of interest Ci , except for a possible excluded sensor 
IRS sensors and two AHRS sensors . Cp , to compute a final estimation â of the parameter x at the 

Two new weighting coefficients w ' ; , w ' are therefore instant t ( function 834 called measurement combination 
sought for the IRS sensor and for the two AHRS sensors , 5 function or measurement consolidation function or measure 
which minimize the maximum error introduced on the final ment merging function ) . 
estimation ô , by a failure of a sensor of interest . The merging module also computes the accuracy error 

The following applies : RP , at the instant t and the integrity error RP , at the instant 
t , associated with the final estimation ( function referenced 

10 824 ) . These different values are supplied to a system , 
notably an avionics system . Provision is advantageously Wybmin 

Id ! – 21W , + W made for the merging module to compute the accuracy error ) 
RP , and the integrity error RP , only when there are at least 
three sensors of interest available . 

The pair ( w ' , , W ' . ) which minimizes the maximum out of 15 For the identification and exclusion functions to be of real 
Id and Ida is sought . interest , it is advantageous to always have at least three 

These weighting coefficients then make it possible to sensors of interest . Provision is preferably made not to 
define an estimation that makes it possible to obtain the implement the identification and exclusion functions when 
minimum integrity error ( maximum integrity ) : there are no more than two sensors of interest available . It 

20 is possible to provide a step of transmission to a system , of 
a message signalling the fact that there are no more than two 

* _ wiy : + Waya1 + WAYA2 sensors of interest taken into account for the final estimation , 
Wy + WA + WA in order to notify the pilot of the aircraft or a maintenance 

center . 
The exclusion can be immediate , as soon as it has been 

with y , being the measurement by the IRS sensor , yai being determined that the sensor of interest Cp is exhibiting an 
the measurement by the first AHRS sensor and y A2 being the anomaly . As a variant , the exclusion can depend on an 
measurement by the second AHRS sensor . exclusion confirmation time . In this case , the sensor Cp is 

It will be noted that such an estimation exhibits an error excluded if it is identified as exhibiting an anomaly , at each 
of accuracy that is higher than the estimation by the least 30 instant during the exclusion confirmation time . It is possible 
squares method . to provide a step of transmission , to a system , of an identifier 

In other words , the final estimation is a weighted average of the sensor Cp , in order to notify the pilot of the aircraft 
in which the weights are not variances . A lower weight is or a maintenance center that the sensor Cp is failing . 
assigned to the IRS . The capacity to detect a future anomaly With the sensor Cp excluded , it is no longer taken into 
on this IRS is thus prioritised , nevertheless with a conse - 35 account to compute a final estimation x of the parameter x , 
quential slight degradation of the accuracy of the final as well as the error of accuracy and the error of integrity of 
estimation of the parameter . this final estimation . Furthermore , following this exclusion , 

the monitoring function will monitor only the remaining By way of illustration , FIG . 7 shows a total probability of sensors of interest . A number of successive exclusions can false alarm and a total probability of wrong detection . 40 be provided in the case of successive failures of the sensors . The curve 71 represents the centered normal law corre The sensor or sensors previously identified as exhibiting sponding to the measurement error on the overall estimation , an anomaly can be reinjected into the group of the sensors 
when all the sensors of interest taken into account for the of interest C ; . If the exclusion function does not produce a estimation are operating normally . new sensor exclusion , this means that all the sensors are 

The curve 73 represents the normal law corresponding to 45 once again operating normally . It is thus possible to check 
the measurement error on the overall estimation , when one that a maximum number of the sensors operating normally 
of the sensors of interest taken into account for the estima - are taken into account at each instant . This feature is 
tion is exhibiting an anomaly . particularly advantageous in combination with a mainte 

The horizontal straight line 72 delimits , under the curve nance step on the sensor identified as exhibiting an anomaly . 
73 , to the left of the line 72 , an area representative of the 50 Preferably , all the sensors previously identified as exhibiting 
probability of wrong detection . The line 72 also delimits , an anomaly are reinjected because a number of sensors may 
under the curve 71 , to the right of the line 72 , an area revert at the same time to the normal state . In the same way 
representative of the total probability of false alarm . as for the exclusion of a sensor , a reinjection confirmation 

FIG . 8 schematically illustrates steps of a measurements time can be provided . A sensor is once again taken into 
merging method according to the disclosure herein , imple - 55 account for the computation of the final estimation of the 
menting at least two successive steps of searching for a parameter x if it is not considered as exhibiting an anomaly , 
possible anomaly on a sensor of interest . at each instant during the reinjection confirmation time . 

The sensors of interest are denoted C ; . The reinjection of sensors previously identified as exhib 
The merging module performs a monitoring function iting an anomaly exhibits an increased interest when no 

referenced 814 , consisting in searching , at each instant t , for 60 more than two sensors of interest are available , and the 
a possible anomaly on one of the sensors of interest Ci p resence of an anomaly has been detected on one of these 
When one of the sensors of interest is identified as exhibiting two sensors of interest . In this case , the sensor of interest 
an anomaly , the monitoring function 814 also makes it exhibiting an anomaly cannot be identified then excluded . It 
possible to determine the sensor of interest C , which is is , however , possible to reinject sensors of interest , so as to 
exhibiting an anomaly . 65 have , ultimately , at least three sensors of interest , then 

An exclusion function 804 makes it possible to exclude making it possible to identify and exclude the one exhibiting 
the sensor Cp from the group of the sensors of interest . an anomaly . 
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Provision can be made for the exclusion to be immediate , exclude a plural number , and the term “ or ” means either or 
and for the reinjection to be linked to a reinjection confir both . Furthermore , characteristics or steps which have been 
mation time , in order to avoid any instability at an anomaly described may also be used in combination with other 
situation limit . characteristics or steps and in any order unless the disclosure 
As already specified above , it is assumed that , at each 5 or context suggests otherwise . This disclosure hereby incor 

instant t , there is at most one sensor failing . At a given porates by reference the complete disclosure of any patent or 
instant t , and after having excluded a failing sensor , no effort application from which it claims benefit or priority . 
is made to exclude a second sensor before computing the What is claimed is : 
final estimation . The exclusion of a possible second failing 1 . A method for merging measurements of a flight param 
sensor will then be performed at the instant t + 1 . 10 eter of an aircraft , from measurements of the flight param 

The measurements merging method according to the eter supplied respectively by a plurality of sensors , the 
disclosure herein offers the advantage of allowing for a method comprising : 
rigorous characterization of the final estimation produced . It searching , by a data merging module implemented on at 
is in fact possible to easily determine an error of accuracy least one processor , for a possible anomaly on one out 
and / or an error of integrity of the final estimation . Further - 15 of the plurality of sensors , wherein searching com 
more , the probability of false alarm linked to the final prises : 
estimation is known , as is a probability of wrong detection for each sensor , computing a detection deviation , propor 
linked to the computed integrity error . Depending on its tional to the absolute value of a difference between a 
needs , for example in terms of accuracy and / or integrity , measurement supplied by the sensor and an estimation 
each system will be able to use or not use the final estimation 20 of the flight parameter computed from the measure 
provided at an instant t . ments supplied by the other sensors that excludes the 

By virtue of the exclusion of the failing sensors and of a measurement supplied by the sensor ; 
rigorous characterization of the final estimation , estimations for each sensor , comparing the respective detection devia 
are easily obtained that definitely exhibit a low accuracy tion for the sensor to a corresponding predetermined 
error and / or a low integrity error . The systems that require a 25 threshold ; 
certain level of accuracy and / or of integrity will be able to based on the result of the comparisons , determining the 
use these final estimations . Thus , the disclosure herein presence or the absence of an anomaly on one of the 
increases the availability of the final estimations that can be sensors with a determined total probability of false 
supplied to the systems . It will then be possible to envisage alarm ; and 
new functions by virtue of the provision of these final 30 merging , by the data merging module , measurements 
estimations that definitely exhibit a great accuracy ( low supplied by the sensors to provide a final estimation of 
accuracy error ) and / or a great integrity ( low integrity error ) . the flight parameter ; and 

Since the accuracy and / or the integrity of the final esti - transmitting , by the data merging module , the final esti 
mations is controlled , it is no longer necessary to overdi mation of the flight parameter to an avionic system of 
mension the number and / or the technical complexity of the 35 the aircraft . 
sensors used . 2 . The method according to claim 1 , wherein searching for 

FIG . 9 illustrates an exemplary implementation of the a possible anomaly comprises searching for a possible 
method according to the disclosure herein , performed on the anomaly on one out of at least three sensors of interest , and 
basis of real flight data . further comprises determining a presence of an anomaly on 

The abscissa axis corresponds to the time . The ordinate 40 a first sensor , and wherein merging measurements comprises 
axis corresponds to the value of the pitch angle in degrees . excluding a first measurement supplied by the first sensor in 

The sensors of interest are two IRS sensors and two the estimation of the flight parameter as a result of deter 
AHRS sensors . mining the presence of the anomaly on the first sensor . 

The curve 91 represents the value measured by a first IRS 3 . The method according to claim 2 , wherein merging 
sensor , which exhibits a failure characterized by a bias of 45 measurements comprises excluding a first measurement 
ramp form between the times t = 4000 and t = 4200 . supplied by the first sensor in the estimation of the flight 

The curve 92 represents the value measured by the second parameter , as a result of determining the presence of the 
IRS sensor , which exhibits a failure characterized by a anomaly on the first sensor at each measurement instant 
constant bias counted from the time t = 4150 . during a predetermined time . 

Other curves are very close and represent the values 50 4 . The method according to claim 2 , wherein determining 
measured by the two AHRS sensors , the real value and the the presence of the anomaly on the first sensor comprises : 
value estimated using the method according to the disclosure for each sensor , determining an estimation of the flight 
herein , implementing an estimation by the least squares parameter , from the measurements of the flight param 
method and the search for , identification and exclusion of a eter supplied by the other sensors , the sensor being 
sensor exhibiting a failure . 55 excluded ; 

It can be seen that the estimated value remains very close for each estimation , determining a residual value based on 
to the real value , even when one of the IRS sensors fails , and distances between the measurements supplied by the 
even when the two IRS sensors fail successively . other sensors and the estimation ; and 

While at least one exemplary embodiment of the inven - searching for a minimum residual value and determining 
tion ( s ) is disclosed herein , it should be understood that 60 the presence of the anomaly on the first sensor as a 
modifications , substitutions and alternatives may be appar result of the residual value for the first sensor being the 
ent to one of ordinary skill in the art and can be made minimum residual value . 
without departing from the scope of this disclosure . This 5 . The method according to claim 1 , wherein , for each 
disclosure is intended to cover any adaptations or variations sensor , the detection deviation is proportional to the absolute 
of the exemplary embodiment ( s ) . In addition , in this disclo - 65 value of a difference , divided by the standard deviation of a 
sure , the terms " comprise ” or “ comprising ” do not exclude centered normal distribution characterizing , in the absence 
other elements or steps , the terms “ a ” or “ one ” do not of anomaly on the sensors , the difference between a mea 
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surement supplied by the sensor and an estimation of the determining the absence of an anomaly on one of the 
flight parameter computed from the measurements supplied sensors , although this anomaly exists on the sensor ; and 
by the other sensors . a value of the minimum detectable bias is determined 

6 . The method according to claim 1 , wherein , for each based on the probability of wrong detection , corre 
detection deviation , the predetermined threshold is deter - 5 sponding to the smallest bias introduced by an anomaly 
mined from a desired probability of false alarm correspond of the sensor , on the measurement that it supplies , so 
ing to the probability of determining , from this detection that the presence of an anomaly on one of the sensors 
deviation , the presence of an anomaly on one of the sensors of interest can be determined with the probability of 
of interest , although this anomaly does not exist . wrong detection as set . 

7 . The method according to claim 1 , wherein each of the 10 the 10 12 . The method according to claim 11 , comprising deter 
estimations of the flight parameter is a weighted average of € mining an error of integrity of the final estimation , com 
measurements each supplied by a sensor . prising : 

8 . The method according to claim 7 , wherein each mea for each sensor used to compute the final estimation , 
surement supplied by a sensor is weighted by the inverse of computing an error indicator value proportional to the 
a variance of a normal distribution characterizing a total 15 error introduced on the final estimation , by a failure of 
measurement error relating to the sensor , in the absence of the sensor , this failure being characterized by a bias 
anomaly on the sensor . corresponding to the minimum detectable bias ; 

9 . The method according to claim 7 , wherein the final determining the error of integrity of the final estimation as 
estimation of the flight parameter is a weighted average of the greatest error indicator value . 
measurements each supplied by a sensor and each being 2013 . The method according to claim 1 , wherein searching 
weighted by a respective coefficient to obtain a minimum for a possibly anomaly comprises determining the presence 
integrity error on the final estimation , introduced by an of an anomaly on a first sensor of the plurality of sensors , 
anomaly of a sensor of interest used to compute the final and wherein the method further comprises receiving new 
estimation . measurements from the plurality of sensors and excluding , 

10 . The method according to claim 7 . comprising deter - 25 as a result of determining the presence of the anomaly on the 
mining an error of accuracy of the final estimation , com first sensor , a respective new measurement from the first 
prising : sensor in determining a new final estimation of the flight 

determining a normal distribution that characterizes a parameter . par 
total measurement error associated with the final esti 14 . The method according to claim 1 , wherein searching 
mation , in the absence of anomaly on the sensors taken 30 taken 30 for a possibly anomaly comprises determining the presence 

of an anomaly on a first sensor of the plurality of sensors , into account for the final estimation ; and wherein the method further comprises receiving new setting a value for a probability that the absolute value of 
the total measurement error associated with the final measurements from the plurality of sensors and considering 
estimation is greater than a threshold to be determined ; a respective new measurement from the first sensor in 

determining the value of the threshold based on the value 35 35 determining a new final estimation of the flight parameter , 
for the probability . including computing a new detection deviation for the new 

11 . The method according to claim 7 , wherein , for each measurement from the first sensor even though the presence 
of the anomaly on the first sensor was previously deter sensor : 

a probability of wrong detection is set , that is common to mined . 
all the sensors , corresponding to the probability of * * * * * 


